Serum ferritin (SF) is a muti-functional protein, which is involved in cell proliferation, angiogenesis, immunosuppression and iron delivery. 1 The elevation of SF is associated with iron overload and inflammation. 2 Therefore, patients who undergo hematopoietic SCT (HSCT), a curative treatment for malignant and nonmalignant hematologic diseases, are at risk for excess accumulation of SF due to red blood cell transfusions and recent infection. 3, 4 Although emerging evidence suggests that there is a strong link between hyperferritinemia (HF) and inferior OS in patients receiving HSCT, the precise magnitude of the association remains uncertain, and it is not clear whether the HF is as an independent prognostic factor or simply reflects iron overload or acute-phase reactants. To comprehensively assess the prognostic significance of pretransplantation HF, we performed herein a meta-analysis.
All studies that investigated the association between pretransplantation HF and clinical outcomes in adults undergoing allogeneic HSCT published to date and included in the PubMed, EMBASE and Web of SCIENCE were considered. Information retrieved from the researches included author, publication year, study location, number of subjects, underlying disease, median follow-up, age range, conditioning regimen (myeloablative or reduced-intensity), cutoff value of HF, detection time before HSCT, covariates adjusted for HF and hazard ratio (HR) with 95% confidence intervals (CIs) for clinical outcomes (non-relapse mortality (NRM) and OS). To quantify the predictive ability of pretransplantation HF on clinical outcomes after HSCT, the HRs and their 95% CIs of NRM and OS were extracted from original articles. Heterogeneity test was assessed with I 2 statistics and Q test. 5 When the heterogeneity was high (P o 0.05 or I 2 450%), a random-effects model was used; otherwise, a fixed-effects model was applied. By convention, HR41 indicates that the patients with pretransplantation HF are associated with a worse outcome or a higher risk as compared to those without the HF. Only when the 95% CIs did not overlap with 1, were the results statistically significant. The statistical calculations for this meta-analysis were performed with Stata Statistical Software Version 12.0 (StataCorp LP, College Station, TX, USA), with P-values of o0.05 considered statistically significant.
Eighteen articles were identified to assess the association between pretransplantation HF and OS or NRM (see Supplementary Table I ). The total number of subjects was 1734 and the incidence of HF varied from 33.8% to 71.5%. There were four studies in which HR was adjusted for potential confounders including inflammatory markers such as C-reactive protein. Eight studies were adjusted for disease status. Studies that provided data on OS and NRM were used to calculate summary HRs. We did not find any evidence of publication bias for OS.
The summary HR for OS was 1.96 (95% CI: 1.73-2.23; P o 0.001) for the overall number of patients undergoing HSCT (Supplementary Figure 1) : 2.11 (95% CI: 1.73-2.58; P o 0.001) in univariate analysis, 1.90 (95% CI: 1.54-2.36; Po 0.001) in analysis not adjusted for inflammatory markers and 1.82 (95% CI: 1.42-2.34; P o 0.001) in analysis adjusted for inflammatory marker by fixed-effects models; moreover, the meta-analysis of other subgroups showed similar results (see Table 1 ), indicating that the presence of pretransplantation HF is a deleterious and independent prognostic factor for OS. The test for heterogeneity in the overall analysis showed no significant heterogeneity (Q = 8.10, df = 17, I 2 = 0%, P = 0.964). There were five studies that provided multivariate analysis of NRM data in patients undergoing allogeneic HSCT (see Supplementary Table I ). The test of homogeneity showed that heterogeneity existed among the studies included (Q = 10.05, df = 4, I 2 = 60.2%, P = 0.04); hence a random-effects model was used. The result of the meta-analysis revealed a combined estimate HR of 1.59 (95% CI: 1.17-2.16, P o 0.01), indicating that the pretransplantation HF was associated with a higher incidence of NRM (see Supplementary Figure 1B) .
Meta-analysis is a useful statistical method for integrating the results from independent studies for special outcomes. However, as is often the case with meta-analyses, a substantial effect of heterogeneity needs to be taken into account. Although we did not find any significant heterogeneity in the OS analysis, the sample size, underlying diseases, stem cell source, type of HSCT, HLA matching status, conditioning regimen, definition of HF, detection time of SF and follow-up time were varied, which might contribute in part to the observed heterogeneity of NRM analysis due to the limited data. Therefore, it would be worthwhile further investigating these factors in order to arrive at a more accurate estimation of the prognostic significance of pretransplantation HF.
The meta-analysis reported here clearly identified an association between the pretransplantation HF and poor outcomes in patients with hematologic malignancies undergoing HSCT, which was independent of infection and disease status. To further stratify patients in clinical studies, a scoring system that consists of SF and disease status at transplantation might be valuable to predict the outcomes. 6, 7 From this study, we cannot deduce that the adverse prognostic impact of pretransplantation HF is associated with iron overload. To provide definitive answers regarding the role of iron overload in HSCT, we should in future, as Dr Armand suggested, perform studies that incorporate direct measurements of parenchymal and labile iron. 8 Besides, there is another way to indirectly explore the relationship between HF and iron overload: by investigating the therapeutic effect of removing excess iron in patients with pretransplantation HF undergoing HSCT. Two such studies showed that the SF levels could be significantly reduced and that the OS and DFS could be significantly improved after the treatment of phlebotomy or iron chelation. 9, 10 As the sample sizes of the above two studies are small, large-scale randomized and controlled trials are needed in future. Although there are some limitations to this meta-analysis, based on the current findings, assessing the levels of pretransplantation SF could provide better prognostic information for adults with hematologic malignancies undergoing HSCT. Further large-scale cohort studies are needed to validate our results.
Supplementary Information accompanies this paper on Bone Marrow Transplantation website (http://www.nature.com/bmt) Abbreviations: AL = acute leukemia; CI = confidence interval; CL = chronic leukemia; HF = hyperferritinemia; HR = hazard ratio; NHL = non-Hodgkin's lymphoma.
a Turkey was included in Western countries.
